Major burn centres in Australia use bronchoscopy to assess severity of inhalation injuries despite limited evidence as to how best to classify severity of inhalational injury or its relationship to patient outcomes. All patients with burns who were admitted to the intensive care unit (ICU) at The Alfred Hospital between February 2010 and July 2014 and underwent bronchoscopy to assess inhalational injury, were reviewed. Age, total body surface area burnt, severity of illness indices and mechanisms of injury were extracted from medical histories and local ICU and burns registries. Inhalational injury was classified based on the Abbreviated Injury Score and then grouped into three categories (none/mild, moderate, or severe injury). Univariable and multivariable analyses were undertaken to examine the relationship between inhalational injury and outcomes (in-hospital mortality and duration of mechanical ventilation). One hundred and twenty-eight patients were classified as having none/mild inhalational injury, 81 moderate, and 13 severe inhalation injury. Mortality in each group was 2.3% (3/128), 7.4% (6/81) and 30.7% (4/13) respectively. Median (interquartile range) duration of mechanical ventilation in each group was 26 (11-82) hours, 84 (32-232) hours and 94 (21-146) hours respectively. After adjusting for age, total body surface area burnt and severity of illness, only the severe inhalation injury group was independently associated with increased mortality (odds ratio 20.4 [95% confidence intervals {CI} 1.74 to 239.4], P=0.016). Moderate inhalation injury was independently associated with increased duration of ventilation (odds ratio 2.25 [95% CI 1.53 to 3.31], P <0.001), but not increased mortality. This study suggests that stratification of bronchoscopically-assessed inhalational injury into three categories can provide useful prognostic information about duration of ventilation and mortality. Larger multicentre prospective studies are required to validate these findings.
. In the past decade, mortality rates associated with cutaneous burns have fallen dramatically through developments in early debridement strategies, improving critical care resuscitation techniques, protective ventilatory strategies and the early aggressive treatment of burn-associated wound sepsis 3 . Despite these advances, a similar trend has not been seen in those with inhalation injuries, where the overall mortality is as much as eight-fold higher than in patients without smoke inhalation injuries 4 . Occurring in approximately 17% of all patients with flame burns, inhalational injury continues to be a common feature, yet severity scoring systems (to aid diagnosis, management strategies or prognostication) lack standardisation, consensus or validation 5 . Prior studies have revealed that the degree of inhalation injury and the mode of that injury evoke a complex inflammatory response to smoke inhalation. Thus, the presence of inhalation injury, as with any burn injury, is not a binary phenomenon and may be represented by a staged severity scale. The Abbreviated Injury Scale (AIS) gradation of inhalation injury, initially published by Endorf et al, has been a proposed method for grading airway injury, and one that is most frequently cited 6 . Recent studies, particularly when modified to fewer groups, have further validated the AIS grading system (see Appendix 1) with higher scores correlating to impaired gas exchange, higher levels of systemic cytokine release and degree of microbial contamination [7] [8] [9] . Most of these studies have also shown a general trend toward poorer outcomes-with longer ventilation times and prolonged stay in intensive care units (ICUs) associated with higher airway injury severity scores. However, due to small sample sizes in these studies, observed trends have not reached statistical significance, nor has a significant impact on mortality been demonstrated 10, 11 . Irrespective of these limitations, major burns centres in Australia continue to typically use bronchoscopy as a standard of care to aid in the assessment of the severity of inhalation injuries.
The aim of this study was to examine the relationship between the bronchoscopic assessment of the severity of inhalational injury and outcomes of patients with burns who were admitted to the ICU and required invasive mechanical ventilation. Our hypothesis was that worsening severity of inhalational injury is independently associated with mortality and duration of ventilation. The primary outcome was in-hospital mortality. The secondary outcome considered was duration of mechanical ventilation.
Methods

Patients
We performed a single-centre retrospective observational study of all burns patients admitted to the ICU at The Alfred Hospital between February 2010 and July 2014. The Alfred Hospital is a 440-bed tertiary teaching hospital, with a 45-bed ICU (admitting approximately 3,000 patients per year) located in Melbourne, Victoria. It is a tertiary trauma centre and the major regional referral centre for adult burns patients. Its catchment area for burns patients covers a geographical area of about 227,500 km 2 and population of 5.7 million. Patients suspected of inhalation injury based on the mechanism of injury and physical findings were intubated either at the scene, at the initial assessing peripheral hospital (if not directly admitted to The Alfred) or in the emergency department at The Alfred and then subsequently transferred to the ICU for further management. Bronchoscopy was performed within the first 24 hours of admission to The Alfred Hospital to assess inhalational injury. The degree of inhalation injury was determined using a standardised bronchoscopy scoring system, based on the AIS and graded into six categories (0, 1, 2, 3, 4 and 5), with 5 corresponding to the most severe form of injury (Appendix 1).
Using the existing, prospectively collected, local ICU registry, any patient intubated and admitted to the ICU with burn injuries during the study period was identified and included in the study. In addition, registry data provided demographic information including age, sex and Acute Physiology and Chronic Health Evaluation (APACHE) II severity of illness scores. Outcome measurements including ventilation hours, ICU length of stay and mortality were obtained from the same registry.
AIS scores were obtained from inpatient notes. Physicians who performed the admission bronchoscopy employed a template as part of a standardised admission protocol to score the severity of injury and attached it to the permanent patient record. Only staff appropriately trained and experienced in bronchoscopy were allowed to independently perform the procedure on the unit; all staff performing bronchoscopy in the unit are familiarised with unit protocols upon induction to the unit, including AIS scoring and use of the documentation template. The AIS template is essentially an aide-mémoire containing Endorf et al's 6 validated tool to ensure the result is correctly documented.
For the purposes of analysis, bronchoscopy results were further stratified into three groups to give a 'modified AIS score'; none/mild (AIS scores 0 to 1), moderate (AIS scores 2 to 3) and severe injuries (AIS scores 4 to 5). Similar approaches have been documented in the literature, most notably by Endorf et al 6 and Mosier 11 , where the AIS was stratified into two groups (low score versus high score) during statistical analysis, showing greater correlation with hospital outcomes and value in development of predictive models.
Patients in the study were subsequently identified on the Burns Registry of Australia and New Zealand, which then allowed access to burns-specific variables including mortality, percentage total body surface area (% TBSA) burnt, location of injury, mechanism of injury, intent (accidental or intentional) and discharge disposition.
Arterial blood gas measurement at 24, 48 and 72 hours from the time of admission to ICU were obtained from patient electronic records. Patients who did not have all three blood gas results at the specified time intervals due to early discharge or death were not excluded from the analysis. Gas exchange was assessed by calculation of the arterial pressure of oxygen (PaO 2 )/fractional inspired oxygen (FiO 2 ) ratio at the corresponding timepoints.
Statistical analysis
Data were assessed for normality. Parametric values are reported as the mean (standard deviation). Non-parametric variables are presented as the median with an interquartile range (IQR). Categorical variables are reported as a number and percentage. Results were considered statistically significant if two-sided P-values were <0.05. Univariable comparisons were undertaken using chi-square t-tests, Wilcoxon or Kruskal-Wallis tests as appropriate, depending on the number of groups and types of data analysed. Multivariable logistic regression analysis was undertaken to identify factors independently associated with mortality. Multiple linear regression was performed to identify variables independently associated with duration of ventilation, after log transformation of ventilation hours. Multivariable models were constructed after inclusion of variables which met a significance threshold of P <0.1 for univariable association with the outcome in question.
Results
Within the 52-month study period, 287 patients were admitted to ICU with suspected burns injuries. Sixtyfive of these patients were excluded: 30 did not receive invasive ventilation, and 35 were excluded as an admission bronchoscopy was not performed due to clinical discretion (n=30) or an AIS severity score was not documented (n=5). Thus, the study population comprised 222 patients who received mechanical ventilation within the ICU and had documented bronchoscopic assessment of inhalational injury. Table 1 shows the demographics and outcomes of patients in each major inhalational injury group. Severe inhalational injury (AIS score 4 to 5) was present in 13 (6%) patients, moderate injury (AIS score 2 to 3) in 81 (36%), with the remainder classified as none/mild injury (AIS score 0 to 1). The highest mortality (31%) was observed in those with severe inhalational injury compared to those with moderate (9%) or none/mild inhalational injury (2%). Those with none/ mild inhalational injury had the shortest median duration of ventilation (26 hours, IQR 11-82), compared to those with moderate (84 hours, IQR 32-232) or severe injury (94 hours, IQR 21-146). Patients in the moderate inhalational injury group had the longest duration of stay in the ICU. There was a progressive increase in age across the three bronchoscopy groups. Patients with moderate and severe inhalational injury had higher APACHE II scores than those with mild injury. There were no differences in % TBSA burnt between the three groups. The majority of patients (46%) who sustained severe inhalation injuries were in a house or building fire setting. There was a progressive decline in the PaO 2 /FiO 2 ratio (at 48 hours) with increasing severity of inhalational injury. However, this relationship between PaO 2 /FiO 2 ratio and inhalational injury was not seen at other timepoints. Table 2 shows univariable comparisons between survivors (n=209) and non-survivors (n=13). Non-survivors had higher AIS bronchoscopy scores, shorter duration of ventilation and ICU stay, were older, had a greater % TBSA burnt and higher APACHE II scores than those who survived.
Multivariable analysis: in-hospital mortality
Multivariable logistic regression modelling is shown in Table 3 and demonstrates that when compared to those with mild injury, and after adjusting for confounders, the presence of severe inhalational injury was independently associated with in-hospital mortality (adjusted odds ratio 24.6, 95% confidence intervals [CI] 1.88 to 322.3). Moderate inhalational injury was not associated with an independent increase in mortality risk. Age and % TBSA burnt were also independent predictors of mortality. Table 4 and Figure 1 show the results of the multiple linear regression analysis to determine variables independently associated with increasing duration of ventilation. After adjusting for confounders, moderate inhalational injury was associated with an increased duration of ventilation when compared to those with mild injury. Severe inhalational injury was not associated with an increased duration of ventilation. Other factors independently associated with increasing duration of ventilation were age, APACHE II score (without age component) and % TBSA burnt.
Multivariable analysis: duration of ventilation
Discussion
Our study shows that when inhalation injury is grouped into three distinct categories (none/mild, moderate and severe), severe injuries are independently associated with increased mortality, while moderate inhalation injury is independently associated with prolonged mechanical ventilation, even after accounting for age and % TBSA burnt. The study reaffirms the detrimental effects on outcomes of inhalation burns, demonstrates that bronchoscopy appears to be a useful tool in assessing inhalational injury and supports the use of a simple three-group modification of the AIS for prognostication. Despite thermally injured patients with coexisting inhalation injuries being shown to have poorer outcomes and higher early mortality (<48 hours) than those with cutaneous burns without smoke inhalation injuries 12, 13 , observational studies using different grading systems to independently assess the prognostic implications of inhalational injury have shown conflicting results
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. Moore et al established that a simple dichotomous classification of presence or absence of inhalation injuries provided no additional prognostic information over % TBSA burnt, age or APACHE II scores 14, 15 . Bingham et al 16 showed that bronchoscopic grading based on mucosal oedema and erythema did not predict mortality or affect duration of ventilation. Aside from Endorf et al's initial publication of his AIS score which demonstrated a lower survival rate in two-group analysis of 55 patients, subsequent studies have only demonstrated trends towards increased mortality with increasing levels of inhalational injury, possibly due to small numbers and lack of power to detect significant differences 17 . More recent analysis by Hassan et al demonstrated in 110 patients that bronchoscopy findings were highly predictive of mortality with a grading system based on muscosal shape of none, mild, moderate and severe 18 . Our study demonstrated the use of a similar and clinically plausible modification of the AIS scoring system, and confirmed the independent association between mortality and the most severe forms of inhalational injury.
In addition, the AIS scoring system has also been validated in relating severity of inhalation injuries to other indicators such as impairment of gas exchange, inflammatory parameters and clinical outcomes (ventilator days, ICU length of stay) 7, 8, 11 . Our study showed a trend towards lower PaO 2 / FiO 2 ratios with higher degrees of inhalation injury after 24 hours. However, it is recognised that proximal injury observed on bronchoscopy is frequently greater than the peripheral parenchymal injury 19 , and lack of correlation between acute respiratory distress syndrome and bronchoscopic inhalation injury has been reported previously 20 . Increasing severity of inhalation injury has been consistently shown to be associated with increased duration of ventilation 4, 6, 7 . Mosier 11 and Endorf 6 showed longer durations of ventilation in the higher-grade inhalational injury groups. Albright not only showed greater ventilator days and ICU length of stay but a trend towards higher rates of tracheostomy. Patients with high-grade injuries (AIS score 3 and 4) had a median of 24 days, compared to those with low-grade injuries (AIS score 1 and 2) of 13 days (P=0.04) 7 . Our study demonstrated that moderate inhalation injuries were an independent risk factor for prolonged mechanical ventilation. However, after adjusting for confounders, those with severe inhalation injuries did not have a significantly increased duration of ventilation when compared to the none/mild inhalational injury group. The higher incidence and earlier occurrence of mortality in this group is the likely explanation, as ICU length of stay and duration of ventilation were shorter in those who died compared with survivors.
Our results also demonstrated a rising age across the inhalational injury groups-from mild to severe. This is consistent with data from the American National Burns Registry that showed an increasing incidence of inhalation injuries with advancing age, despite greater exposure to smoke in building fires and increased fire/flame injuries in the lowest age group. Burns caused by inhalation-only injuries in the 20 to 29 year age group comprised 1.3%, while this number rose to 3.9% in those 80 years and over 4 . This potentially suggests that the elderly are at greater risk of inhalational injury than the young. Although age has been consistently shown to be a risk factor for death, this did not appear to be the explanation for the increased mortality in those with the most severe inhalational injuries. Multivariable analysis suggested that age and severe inhalational injury (in addition to increasing % TBSA burnt) were independent risks.
In addition, previously recognised prognostic factors (such as age and % TBSA burnt) were also confirmed to be important determinants of mortality. On the other hand, our results did not identify an independent association with APACHE II scores and mortality on multivariate analysis. The relationship between APACHE scores and mortality has been established previously with both APACHE II and III-j scores, particularly in Australasian data, as accurate predictors of mortality among burns patients 15, 22 .
Strengths and limitations
Our study has several strengths. It has a consistent and clinically plausible message in both univariable and multivariable analyses. The study is consistent with the wider burns literature with regard to severity of inhalation injuries and its association with mortality and morbidity. However, our study extends the present knowledge base by demonstrating that a simple modification of the AIS into three groups can potentially provide clinically relevant differentiation of prognostic information-with those in the most severe group being at highest risk of mortality, and those in the moderate group being at greatest risk of increased duration of ventilation. In addition, data was collated from a large burns centre with a consistent approach to bronchoscopic assessment, using a standardised template for assessment of the AIS. We used a structured data abstraction protocol and prospectively defined groupings and outcomes. The high volume of inhalation injuries allowed a large enough sample size for multivariable analysis.
We acknowledge there are limitations to our study. There is a possibility of patient and treatment selection bias, as only candidates admitted to the ICU were enrolled. Given our endpoints of mortality and ventilation time, it is assumed that ward level management (i.e. no requirement for invasive ventilation) indicated no clinically relevant airway injury. Of the initial 287 patients retrospectively screened, 35 patients (12%) lacked eligibility for inclusion in the study due to absence of AIS scoring. It was not possible to assess the impact of patients admitted to the unit who did not have bronchoscopic assessments performed. Although there was a standardised template for clinicians to record the bronchoscopy scores, some chose not to use this and recorded their findings in free text. Furthermore, there was no systematic methodology in performing the bronchoscopy itself, nor were video recordings available for blinded review. Assessments of inhalational injury were based on qualitative appearance of the airway mucosa, which might have varied between operators and it was thus not possible to assess the inter-observer variability or consistency of AIS assessments. Despite all bronchoscopies being performed within 24 hours of admission to The Alfred Hospital, it is unknown if the delay transferring patients from other hospitals may have altered interpretation of inhalational injury. No invasive or biopsy sampling was performed and detailed ventilation information was absent from the dataset.
Percentage TBSA burnt was specifically controlled for in multivariate analysis. The authors cannot entirely exclude bias caused by clinicians adopting a palliative stance in the sickest patients, but those palliative decisions (and the assessment of futility) would likely be a clinical synthesis of other severity markers (% TBSA burnt, APACHE II etc) which have been independently controlled for; further, a palliative stance would be expected to reduce ventilated time and ICU length of stay in general, highlighting the significance of the major finding of increased ventilated days in association with moderate airway burn.
This study is limited by its retrospective single-centre design and size.
Conclusion
Our study suggests that stratification of inhalational injury into three groups (none/mild injury, moderate injury and severe injury) provides clinically relevant discrimination of those most at risk of mortality (severe inhalational injury) and those likely to require prolonged mechanical ventilation (moderate inhalational injury). This study also supports the routine use of bronchoscopy to assess inhalational injury using a simple system to identify at-risk patients. However, larger multicentre prospective studies are required to validate these findings.
